~" The authors report a follow-up review of 1000 cases of intracranial definitive surgery for saccular aneurysms. The prognosis for such surgical cases is discussed. Postoperative results at least 6 months after discharge from the hospital were analyzed in 876 (93.3%) of the 939 surviving patients. The longest follow-up period was 14 years and 5 months, with an average of 3 years and 7 months. At the time of discharge, there were 543 excellent results, 186 good, 117 fair, 93 poor, and 61 deaths. The chief findings were as follows: 1) Most of the patients determined as "excellent" or "good" at discharge were able to return to normal life; most of the deaths or instances of worsened condition found in the follow-up study were due to new lesions. 2) Fully 62% of the cases determined as "fair" at discharge were found in an improved state at the follow-up study, having returned to normal life. 3) Only 19% of cases determined as "poor" at discharge had improved to the point where a return to normal life was possible, the majority having died or remaining in poor condition.
I NTRACRANIAL definitive surgery for ruptured cerebral aneurysms is today widely recognized as the best method of treatment to prevent recurrent rupture. ''5'g'11 ' 15 Although there have been many reports of such radical surgery, few authors have included follow-up studies, or defined the ability of the patients to return to normal social life.
At our institution, 1000 cases of saccular cerebral aneurysms were treated by intracranial definitive surgery up to September, 1975 . Of these, 96% were operated on by one of us (J.S.) without use of a microscope. In this paper, we are reporting the followup studies subsequent to discharge in this series. We discuss the prognosis for this type of lesion, and the relationship between the prognosis and the patient's condition at the time of discharge.
Clinical Materials and Methods
From June, 1961 , to September, 1975 , 1116 cases of intracranial aneurysms were seen in our Department (Table 1 ). There were 1080 cases of cerebral saccular aneurysms, of which the neck of the aneurysm was treated (by neck ligation, clipping, and additional supplemental wrapping) in 1000 cases. These 1000 patients make up this study.
These cases were classified into five categories according to the surgical results at the time of discharge as follows:
Excellent: the patient recovered completely and could return to work Good: slight neurological deficits were present, but work still possible Fair: the patient has one or more of three handicaps: gait disturbance, psychological disturbances, or aphasia Poor: the patient is unable to walk even with assistance Dead.
The follow-up results were determined at least 6 months subsequent to discharge by letter, telephone, or direct interview, and classified into the above five categories. For the cases where long-term follow-up review was possible, the influence of factors other than the ruptured aneurysm or the surgical operation (for example, other diseases and aging) was of course considered. Additionally, the group classified as "poor" at discharge was subdivided into three subgroups in order to study in detail the possibility of recovery, as follows:
Follow-up of 1000 surgically treated aneurysms
Poor I: patients with no disturbances of consciousness Poor II: patients with disturbances of consciousness Poor III: patients in a vegetative state.
The cause of death of those patients who died within the follow-up period was investigated as far as possible with the data available, and the follow-up period was regarded as the time from discharge until death.
Results

Results on Discharge
The results at the time of discharge in this series were as follows; 543 excellent cases, 186 good, 117 fair, 93 poor, and 61 deaths. Of the numerous factors that influence the surgical results, we will present in this paper only the age distribution of the patients (Table 2 ), the location of the aneurysm (Table 3) , the operative timing (Table 4) , the preoperative grading (Table 5 ) 4 and the surgical results.
One further factor that greatly influences the surgical results is the surgeon himself. All the cases reported here were operated on at the same Institution, and fully 96% by the same surgeon (J.S.). 
Follow-Up Results
The follow-up study was made on the 939 surviving patients at least 6 months after discharge from the hospital. Of these, 876 (93.3%) could be followed. The 
longest follow-up period was 14 years and 5 months, with an average of 3 years and 7 months. The results were as follows: 621 excellent cases (66.1%), 112 good (11.9%), 46 fair (5.1%), 31 poor (3.3%), and 64 deaths (6.8%). Follow-up study was impossible in 63 patients (6.7%). Patients were classified according to their condition at discharge and at the time of the follow-up study, and in cases of death or deterioration, the causes were also investigated.
In patients determined as "excellent" or "good" at discharge, the great majority (88.6% of excellent cases, 86.6% of good cases) were able to return to normal life. Among the cases determined as "fair" at discharge, 62% of the patients were found to be improved at follow-up study, and had returned to normal life. Only 19% of the cases determined as "poor" at discharge had improved to the point where a normal life was possible; the majority had died or remained in a poor condition (Table 6 ). Of those cases determined as "Poor III" at discharge, none were found at follow-up study to be in excellent, good, or fair condition. There were absolutely no signs of improvement, and more than half of these patients had died soon after discharge ( Table 7) .
The cause of death among excellent, good, and fair cases was attributed mainly to postoperatively acquired diseases such as stroke, neoplasms, cardiac attack, and trauma. However, almost all deaths in the "poor" category were attributed to progressive deterioration after aneurysm surgery (Table 8) .
Discussion
In the natural history of ruptured intracranial aneurysms, it is found that many patients ultimately succumb to rebleeding. According to an AmericanEnglish cooperative study, roughly 30% survive for more than 3 years2 In light of this fact, radical surgical treatment for ruptured aneurysms has been preferred, but reports concerning the propriety of radical therapy based upon follow-up studies are extremely rare.
Sahs, et al., x~ reported the results of a cooperative study of various treatments for single ruptured aneurysms at the anterior part of the circle of Willis, based upon follow-up periods ranging from 3 months to 5 years. They reported 416 deaths among 959 patients, a mortality rate of 43.4%. The death rate for each type of treatment was as follows: 54.4% for regulated bed rest, 43.0% for drug-induced hypotension, 36.4% for common carotid occlusion, and 40.7% for direct intracranial surgery. Rebleeding was the cause of death in over 50% of the cases treated with bed rest or drug-induced hypotension, whereas the causes of death after intracranial surgery were progressive deterioration (52%), rebleeding (24%), and unrelated causes (15%). Finally, of the patients who were available for study after 3 years, the percentage working full-time was greatest after carotid occlusion treatment (70%), followed by drug-induced hypotension (69%), and bed rest (66%); cases treated by intracranial surgery had the lowest percentage (59%). In terms of functional status as well as survival rate, these authors noted that intracranial surgery is not necessarily the best treatment. Furthermore, McKissock, et al.,r reported that there are no significant differences between surgical and conservative treatment in cases of anterior communicating artery aneurysms. In their series, 37% returned to full-time work, 7% returned to full work but had neurological deficits, and 44% died, following surgical treatment (including feeder clipping and carotid ligation); in contrast, 41% returned to full-time work, 10% returned to full work but had neurological deficits, and 40% died following conservative treatment.
In our series we encountered a mortality rate at follow-up review of 6.8% (64 deaths). Only six of these deaths were due to rupture of aneurysms. The condition at discharge of these six patients was excellent in five, and good in one. Two of these patients had multiple aneurysms; in both cases only the ruptured aneurysm was treated and both died from rupture of a non-treated aneurysm. Two patients were operated on, but postoperative angiograms revealed that the aneurysms were not obliterated, and later rupture was the cause of death. The remaining two cases were patients in whom complete treatment of the aneurysms was performed, but since only the carotid artery on the side of the aneurysms was investigated, the possibility of multiple aneurysms cannot be ruled out. Under our criteria, 66.1% of our cases were designated as "excellent;" however, by the criteria of Sahs, et al., 1~ our "excellent" cases would have reached 76.5%. These results were achieved even though: 1) 385 of our cases were categorized as Grade III, IV, V, or Ia in Hunt's classification of preoperative condition; 4 2) 338 cases were operated on within 2 weeks of aneurysm rupture; 3) 23 patients had aneurysms of the vertebrobasilar system; and 4) 162 cases had multiple aneurysms. We believe, therefore, that the prognosis for radical surgery on cerebral aneurysm can be excellent.
Although numerous factors influence surgical results, one cannot disregard the value of the skill and knowledge gained through direct experience. The results of our 1000 cases covering approximately 14 years ( Fig. 1) showed progressive improvement from the early 1970's. The average mortality rate from 1961 through 1970 was 8.0%, then decreased each year to 2.4% in 1975, as shown in Fig. 2 . This may be attributed mainly to improvement of surgical skill, and to the greater fundamental understanding of operative methods, and of the correlation between the timing of surgery and the patient's condition. 8'~4'''1s'~~ Moreover, supportive procedures contribute to the recently improved surgical results, such as continuous ventricular drainage, TM cerebrospinal fluid shunting, examination for cerebral vasospasm following rupture of an aneurysm, 2'3a~'~e and the development of new methods for prolonging temporary occlusion of cerebral arteries under normothermia and normotension, using mannitol solution. ~8,21a2
The great majority of patients graded "excellent" at discharge returned to normal life. Of the 20 deaths, two were due to subdural hematoma and subsequent status epilepticus which may have been associated with the intracranial surgery, six were caused by subarachnoid hemorrhage, and the remaining deaths were due to causes typical of mortality in Japan, that is, lesions of cerebral vessels, malignant neoplasm, heart disease, and accident.
More than half of our patients categorized as "good" on discharge returned to normal life, and only a small number died or deteriorated. Of these latter cases, three were the result of intracranial surgery, one patient suffered from purulent cerebrospinal meningitis, and one died from subarachnoid hemorrhage due to insufficient treatment of the aneurysm neck.
Of the patients discharged in fair condition, 35% were found at the time of follow-up study to be in excellent condition, and 27% in good condition, having returned to social life. Among the 10 deaths, there were two cases of normotensive hydrocephalus which may have been due to subarachnoid hemorrhage. These patients died of progressive deterioration following the development of visual defects and walking difficulties. Both of these cases were seen early in the series. We conclude that, particularly in the "fair" cases since there is a real possibility that they can eventually return to normal life, appropriate postoperative care and treatment must be made available. The morbidity rate for patients discharged in poor condition was, naturally, the highest of all the groups. At follow-up study, they constituted 84% of the follow-up "poor" group and 41% of the deaths. Death in this group was characteristically due either to a completely different malady from those present at discharge, or for the majority, progressive deterioration without showing signs of improvement. In this paper, we have subdivided the "poor" group into three subcategories. None of the patients in the Poor III group, a vegetative state, improved; all remained vegetative or died. Nevertheless, a small number of cases classed as Poor I or Poor II at discharge were subsequently able to return to social life.
